STROGENIC materials (specifically diethylstilbestrol), when either fed or implanted subcutaneously, have been clearly shown to improve weight gains and gross efficiency of feed conversion in sheep and other domestic animals (N.R. C., 1960) . Similarly, considerable data attest to the presence of materials having estrogenic activity in forages (Pieterse and Andrews, 1956a, b; Bate-Smith et al., 1953; Bickoff et al., 1957; Kitts et al., 1959a; Moule et al., 1963) . Potency of these "plant estrogens" has been shown to vary with species of plant, time of cutting, location, fungus infestation and perhaps other factors (Legg et al., 1950; Kitts et al., 1959b; Bicko~, 1961; Hanson et al., 1965) . Certainly there are well-documented instances of levels of plant estrogenicity sufficient to affect fertility in animals (Bennetts et al., 1946; Engle et al., 1957; Fox et al., 1959; Moule, 1961) .
Considered together, these separate items suggest that use may be made of the developing knowledge of estrogen activity in plants in the business of livestock production: either in avoiding interference with reproduction, or conversely in the stimulation of growth. The experiments reported herein were designed to test the effects of feeding dehydrated alfalfa meals having high or low estrogenic activities, or fractions of such meals, upon growth and carcass characteristics of lambs.
Experimental
Four feeding trials with lambs were conducted, over a 5-year period, to investigate possible growth-promoting effects of coumestrol from alfalfa. These trials grew out of an extensive survey by the Western Regional X Technlcal Paper No. 1958, Oregon Agricultural Experiment Station. Research Laboratory of the U.S. Department of Agriculture in Albany, California, which showed wide variations in alfalfa coumestrol content. The first trial was a simple comparison of low and high coumestrol content alfalfa meals. The second allowed more detailed examination of effects of coumestrol levels by blending meals to provide low, high and intermediate coumestrol treatments. The third trial involved acetone extracts of alfalfa coumestrol added in varying concentrations to a low-coumestrol basal meal and finally, the fourth trial superimposed isolated alfalfa coumestrol on a basal diet. Details of the experiments are presented below.
T~ial I (1959) . Alfalfa meal samples from 5-ton lots were collected from eight different dehydrators for coumestrol assay by chemica| (Livingston et al., 1960 (Livingston et al., , 1961 and biological methods (Bickoff et al., 1959 (Bickoff et al., , 1962 . A wide range of coumestrol content was found among the samples. Two samples, with 35 and 98 ppm of coumestrol (chemical assay), respectively, were selected for use. Analytical data on these alfalfa meals are listed in table 1. 2 The meals were incorporated into 0.6-cm. pellets according to the following formula: alfalfa meal, 65% ; ground barley, 25% ; and cane molasses, 10%.
The finished feed mixtures were offered ad libitum to two groups of 10 lambs including equal numbers of ewes and wethers. The ~roups were housed in identical pens bedded with wood shavings and provided free access to salt and water over an 8-week period during which animals were weighed weekly. At the conclusion of the test the lambs were slaughtered at a commercial abattoir and carcass grade, dressed carcass weight and longis- Trial II (1960-61) . Through the cooperation of eight dehydrators in widely-separated parts of the country, 4.05-hectare fields were selected and set aside for experimental purposes. Samples of fresh alfalfa were taken weekly, placed under methyl alcohol and sent to the Albany laboratory for coumestrol analyses. When analyses indicated a high coumestrol content, the fields were harvested and the alfalfa was dehydrated. Thus, two alfalfa meals with widely-different coumestrol contents were located in Texas (low) and South Dakota (high), respectively, and sufficient quantities were obtained for a lamb feeding triM. Analytical data on these two meals are given in table 2. The low and high coumestrol alfalfa meals were used as bases for pellet preparations according to the formula followed in trial I. In addition a "medium-potency" coumestrol ration was prepared by a 1:1 blend of high and low coumestrol pellets. Groups of 10 wether lambs were fed the high-, mediumand low-coumestrol pellets. Two similar groups were fed the high-and low-coumestrol pellets plus 3-mg. implants of diethylstilbestrol (DES). The implants were superimposed in the latter two groups to ensure that an estrogen effect was attainable under the experimental conditions involved, and to test effectiveness of plant estrogens in the presence of optimal concentrations of DES. Management was similar to that of trial I. The test ran for 11 weeks, at the conclusion of which selected organ and carcass data were obtained.
Trial III (1962) . Since some differences had been noted in the proximate composition of the high-and low-coumestrol pellets (table  2) , it was decided to prepare coumestrol concentrates which could be super-imposed on a single basal meal. Again, alfalfa was obtained cooperatively as described for trim II, and a concentrate containing the coumestrol fraction was prepared as described by Bickoff (1964) . a Analytical data are given in table 3 for the basal meal which was obtained from California and two meals from Kansas, one containing 165 ppm--fed directly, and the second containing 560 ppm of coumestrol which was used to prepare a coumestrol concentrate.
Using the low-coumestrol, basal alfalfa meal (in the formula used in trials I and II) and varying increments of coumestrol concentrate, pelleted feeds were mixed having calculated coumestrol concentrations of 8 Preparation of the coumestrol concentrate was done under WURRD contract with Nutrilite Products, Inc., Buena Park, California.
The assistance of K. W. Taylor 'in this phase of the study is gratefully acknowledged. basal, 50, 100 and 150 ppm. Feed analyses and actual coumestrol concentrations are given in table 4. These were fed to groups of 10 wether lambs under management conditions previously described. Five animals in each test group also received a 3-mg. DES implant at the start of the trial. The test was conducted over 11 weeks during which weekly weights were taken. At the conclusion carcass samples were taken for chemical and organoleptic testing. Trial IV (1963-64) . Isolated coumestrol mixed with cornmeal was obtained from the Albany Laboratory. The meal containing coumestrol and a control meal from the same source were incorporated into pellets according to the formula followed in trial I. Analytical data on each of the rations are given in table 5.
Phase 1 of trial IV was conducted over an 8-week period in 1963 with two groups of four heavy wether lambs (initial mean wt. 48.5 kg.). In phase 2 of trial IV, conducted in 1964, two groups of four lightweight wether lambs (initial mean wt. 30.4 kg.) were fed over an 11-week period. At the end of each phase organ and organoleptic test data were obtained. 
Results and Discussion
Trial I. Weight gains for animals fed alfalfa meals of high and low coumestrol content are listed in table 6. The data show a significant increase in weight gains of wether lambs and a significant decrease in gains of ewe lambs, presumably related to the elevated estrogen content of the "high estrogen" meal. Since the animals were groupfed, individual feed consumption data were unobtainable; however, mean daily intakes were 2.0 kg., and 1.9 kg. on the high-and low-estrogen meals, respectively. The rations apparently caused little variation in carcass composition. Chemical analyses (wet basis) of loin-eye muscle samples taken from the 12th-rib area revealed fat and protein (NX 6.25) percents of 3.54 and 19.19 for wethers on the high-estrogen meal versus 3.23 and 20.89 for those on the low-estrogen meal. Similar data for ewes were 5.23 and 20.14 versus 4.38 and 20.28 on high-and low-estrogen treatments, respectively. Neither these data nor a comparison of numerical scores for official government carcass grades were significantly different between treatments.
Differences were, however, apparent in results of organoleptic test scores from rack roasts cooked under identical conditions (table 7) . Tenderness, juiciness and texture ratings were significantly (P(.05) higher for the high-estrogen-fed lambs. Increased udder and vulval development were evident in lambs on the high-estrogen meal after 3 weeks of trial. Using arbitrarilyassigned values for progressive development of udder and vulva, respectively, three independent scorers evaluated the Iambs on high-and low-estrogen meals at 1.25 and 2.04 versus 0.52 and 1.07, respectively. Milk could be drawn from some ewe lambs on the high estrogen treatment.
Trial II. The growth performance of lambs in the 1960 trial, which involved low, medium and high levels of coumestrol activity in presence or absence of 3-mg. diethylstilbestrol (DES) implants, is listed in table 8.
In general a positive growth response to increasing levels of plant estrogen is again apparent, although such response was not linearly related to coumestrol concentration. The greatest growth response was obtained on the high estrogen meal-[-DES implant. where overall estrogen level was highest, and this response was significantly (P<.05) greater than that on the control ration or on the low-estrogen meal -~-DES treatment (Lot 2). It appears that the medium level of plant estrogen yielded results equivalent to the lower level meal q-DES implant. One may only speculate on the failure of the highestrogen meal without DES supplementation to cause a significant growth stimulation. It is possible that alfalfa meal may contain estrogen-inhibitors which were present in this particular high-estrogen meal, thus interfering with the alfalfa coumestrol which was fed, but not with the DES, which was implanted. The data in table 3, which show a wide variation in coumestrol content of a sample of Kansas alfalfa meal when measured by biological as contrasted to chemical means, tend to support this hypothesis. The possibility of interrelated nutrient effects, such as higher fiber or lignin content in the high-estrogen meal, should not be ignored. Again, as in trial I, cooking test scores suggested enhanced quality of roasts, in terms of tenderness, juiciness and texture in the animals subjected to higher levels of plant estrogen. Unrelated but confirmatory evidence of response to plant estrogen activity was provided by increased seminal vesicle and pituitary weights, as reported elsewhere by Noteboom (1962) .
Trial III. Again, as in previous experiments, some improvement in weight gains was suggested at the higher estrogen diet levels, as shown in table 9.
Analysis of variance showed that the apparently increased growth response at the 114 and 152 ppm coumestrol levels was not significant. DES significantly (P~.01) increased gains, but there was no interaction between DES and coumestrol. However, when the If one speculates on the apparent trends, it appears that some substance in the highestrogen meal ration (Lot 5) interfered with growth. This is suggested by the wide differences in coumestrol values obtained by chemical and biological assays of the same meal (table 3) and by the observation that biological assays increase in comparison with chemical assays in the isolated extract.
Effects of the DES and coumestrol treatments upon blood enzyme levels have been described by Johnson and Anglemier (1963) . Chemical analysis of loin muscle taken from the same site in lambs on all treatments revealed no significant differences in dry matter, crude protein or ether extract. Organoleptic testing of rack roasts confirmed earlier trials in that increased scores for tenderness and juiciness were obtained on samples from the high-estrogen treatments.
Trial IV. Phase 1 of trial IV, involving heavy wether twin lambs, showed an apparent trend toward more rapid gains on the coumestrol-supplemented treatment; however, this difference was not significant. In phase 2, where lighter weight lambs were used, there was virtually no difference in gains between treatments. The growth data for the trial appear in table 10.
No significant differences in gains of heavy lambs in phase I or light lambs in phase 2 are apparent, although the tendency was toward increased growth in the former. There were other evidences, however, of estrogenic effects. Measurements were made of teat length on all animals, and of liver, seminal vesicle and pituitary weights at slaughter. It has been observed (Braden et al., 1964 ) that increase in length of teats on wether lambs can serve as a measure of plant estrogen potency. These data are listed in table 11.
The trend toward increased pituitary weights in the coumestrol-fed groups, although not significant, is suggestive of an estrogenic response. Preston (1960) showed that hexoestrol implants significantly increased pituitary weights of lambs. The marked increase in seminal vesicle weights in coumestrol-fed Iambs is apparent, as is the increased teat length. As in studies with other estrogens (Wilkinson et al., 1955) , the liver weights in this study tended to be increased by coumestrol treatment.
Discussion
Investigation of effects of a plant estrogen on growth of animals is a complex situation, since results may be influenced by a number of incidental factors including plant nutrient composition, simultaneous effects of several plant hormones and possible involvement of potentiators or inhibitors of estrogenic activity. This complexity was recognized in this study by the provision of increasingly purified sources of estrogen activity culminating in the use of isolated alfalfa coumestrol. Unfortunately, the problems of experimental preparation of coumestrol were such that only small numbers of animals were possible in the last trial. These considerations should be borne in mind during the following discussion.
Examination of the data does not allow a clear-cut exoression of an animal growth effect for alfalfa coumestrol: however, thero was a fairly consistent trend in that direction. Several reasons may be advanced for this lack of more positive data. evaluated coumestrol activity as "about 30 times more potent than genistein, but still considerably less active than, the natural animal estrogens or diethylstilbestrol." Figures provided by indicate biological equivalence between 1 rag. of DES and 2,780 mg. of coumestrol. This evaluation was made on the basis of increases in uterine weights of immature or ovariectomized mice. It can be similarly calculated from the data of Moule et al. (1963) that 1 mg. of DES equals 3.704 mg. of coumestrol. It might be argued that, in comparison with these figures, the amounts of coumestrol administered were too low to promote growth, yet there is unmistakable evidence of estrogenic activity in the increased pituitary and seminal vesicle weights and teat lengths.
Several of the tests described involved additional estrogenic material to that present as coumestrol--either in the form of other plant estrogens or as implanted DES. lists numerous plant estrogen materials, several of which are found in alfalfa. The levels of these estrogens with or without DES and their possible influences on the outcome of these experiments are impossible to ascertain. Nevertheless, there is an indication in both trials II and III that moderate to high levels of coumestrol and DES act synergistically to promote growth.
Evidence has been presented by other workers that coumestrol may have a different effect or rate of effect on certain organs and intermediate metabolic steps than other estrogens. Lyman and Krueger (1961) have reported that in both normal and castrate adult male rats, injections of estradiol benzoate depressed growth and produced testicular and adrenal changes while oral coumestrol produced no such changes, even at levels which would have a definite effect on the uterus of the young rat. On the other hand, Noteboom and Gorski (1963) presented evidence that injected coumestrol diacetate stimulated, similarly to estradiol-17fl, the incorporation of labelled precursors into protein, lipid and ribonucleic acid in the cells of the rat uterus. These results, plus their observation that there was no additive effect to estradiol-17fl and coumestrol diacetate, suggested that coumestrol performed similarly to estradiol in triggering an anabolic response. Research by Leavitt (1965) indicated that coumestrol influences gonadotropin release, but, unlike estradiol, coumestrol causes uterine growth before it affects hypophysial gonadotropic function.
When ruminants per se are considered, evidence accumulated at this station shows that coumestrol has a gross effect on certain organs in lambs similar to that caused by other estrogens (N.R.C., 1959) . The earlier experiments demonstrated increased vulval and udder development in ewes, increased pituitary weights, and increased weight and proliferation of fibrous stroma of the seminal vesicles in wethers (Noteboom et al., 1961; Noteboom, 1952) . The last experiment, which involved purified coumestrol, again showed that coumestrol stimulated mammary growth and increased the weights of the seminal vesicles and pituitary gland. Moreover, the rectal prolapse which occurred in one of the wethers is suggestive of a response to a highestrogen diet (N.R.C., 1960).
Presence of inhibitors or potentiators of estrogen activity in various plants has been postulated. has provided evidence for both in alfalfa, and the difference between biological and chemical assays of coumestrol content of the material used in experiment III in this paper tends to support the inhibitor concept. Adler (1962) was able to separate a "versatile anti-estrogen" in the chloroform extract of alfalfa leaf meal. Evidence for anti-estrogenic activity in a number of forages has recently been provided (Biely and Kitts, 1964 ). It appears probable, therefore, that some of the inconsistency of growth responses obtained in these studies may have been caused by inhibitory factors as yet unidentified.
One should not ignore the possibility of fermentative or metabolic changes in coumestrol in the animal. The former are particularly applicable in the case of a ruminant. Emmens (1941) has suggested that coumestrol is a pro-estr0gen which must be metabolized to a true estrogen before it can produce vaginal cornification; however, his analysis was indirect and requires confirmation by use of an isotopically-labelled compound (Biggets, 1958) . Further evidence for mediating effects of metabolism has been presented by Nilsson (1961) , who showed that tritiumlabelled biochanin A can be demethylated to genistein by rumen microorganisms from sheep and cattle.
Little is known of the influence of normal dietary constituents on the subsequent metabolism of plant estrogens. Although some care was taken in these experiments to balance crude nutrient content of the test diets, such balancing related chiefly to protein and fiber, but many other organic compounds may have been involved. Stability of coumestrol during both feed preparation and storage through the test period is also incompletely documented. Livingston et al. (1961) using a chemical assay procedure found that drying at 80 ~ C. in a forced-air oven destroyed 25% of a coumestrol sample. In our laboratory, however, fluorometric analysis showed only a very slight loss of coumestrol when boiled in an acid solution for 48 hr.
Obviously many factors may affect the responses of animals to ingestion of plant estrogens. The data presented in this paper appear to support the concept of an anabolic (growth) response to alfalfa conmestrol in wether lambs. It is hoped that future work will enlarge on this response through more intensive investigation of some of the possible mediating effects discussed above.
Summary
Four feeding trials with lambs fed varying amounts of alfalfa coumestrol are described, progressing from use of crude alfalfa meals through acetone extracts of different coumestrol potency to a final test of isolated coumestrol itself.
In general, a trend toward a positive growth response to elevated coumestrol levels was obtained with wether lambs, but not with ewes.
Marked increases in teat length and in seminal vesicle and pituitary weights were obtained in animals fed the higher levels of coumestrol.
Organoleptic tests consistently demonstrated improved tenderness and juiciness scores from lamb roasts from animals fed high-coumestrol diets.
The response from coumestrol, as compared with that of DES, and the implication of a number of dietary and extraneous factors upon the bio-potency of dietary coumestrol are discussed.
